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1
COATING METHOD FOR REACTIVE METAL

The present disclosure 1s a continuation of U.S. application
Ser. No. 12/940,171, filed Nov. 5, 2010, now 1ssued as U.S.
Pat. No. 8,367,160.

BACKGROUND

This disclosure relates to forming protective coatings on
articles, such as turbine engine components. Components that
operate at high temperatures and under corrosive environ-
ments oiten include protective coatings. As an example, tur-
bine engine components often include ceramic, alumimde, or
other types of protective coatings. Chemical vapor deposition
1s one technique for forming the coating and mvolves pump-
ing multiple reactive coating species into a chamber. The
coating species react or decompose on the components 1n the
chamber to produce the protective coating.

SUMMARY

A coating method according to an exemplary aspect of the
present disclosure includes depositing substantially pure
hatnium metal, that 1s free of other elements that are present
in more than trace amounts as madvertent impurities, onto a
metallic substrate, and heat treating the metallic substrate to
react the hafnmium metal with at least one other element to
form a protective coating on the metallic substrate.

In a further embodiment of any of the foregoing, the pro-
tective coating includes 10-2000 parts per million of the
hatnium metal.

A further embodiment of any of the foregoing includes
depositing platinum metal on the metallic substrate for reac-
tion with the hatnium metal to form the protective coating.

A further embodiment of any of the foregoing includes
depositing platinum metal on the hatntum metal, and then
depositing additional hatntum metal on the platinum metal.

A further embodiment of any of the foregoing includes
depositing platinum metal on the metallic substrate and then
depositing the hafnium metal on the platinum metal.

A further embodiment of any of the foregoing includes
aluminizing the metallic substrate after the heat treating.

In a further embodiment of any of the foregoing, the metal-
lic substrate comprises a non-planar surface on which the
protective coating 1s disposed.

In a turther embodiment of any of the foregoing, the
hatnium metal 1s present in the protective coating in an
amount of 10-750 parts per million.

In a turther embodiment of any of the foregoing, the
hatnium metal 1s present 1n the protective coating i1n an
amount of 10-300 parts per million.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the disclosed
examples will become apparent to those skilled 1n the art from
the following detailed description. The drawings that accom-
pany the detailed description can be brietly described as fol-
lows.

FI1G. 1 illustrates an example coating method for deposit-
ing a reactive material.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates selected steps of an example coating
method 20 that may be used to fabricate an article with a
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protective coating, such as a turbine engine component. A few
example components are airfoils, vanes or vane doublets,
blades, combustor panels, and compressor components. In
the 1llustrated example, the coating method 20 generally
includes deposition step 22 and heat treatment step 24. It 1s to
be understood that the deposition step 22 and the heat treat-
ment step 24 may be used 1n combination with other fabrica-
tion processes, techniques, or steps for the particular compo-
nent that 1s being coated.

In general, the coating method 20 1s used to deposit a
reactive material, such as a metal or metalloid from the lan-
thamide group of elements, scandium metal, yttrium metal,
hatnium metal, silicon, zirconium metal, or a combination of
these elements. The reactive material may be a substantially
pure metal or metalloid that 1s free of other elements that are
present in more than trace amounts as inadvertent impurities.
Aswill be described, the application of the heat treatment step
24 serves to react the metal or metalloid with at least one other
clement to form a protective coating on the subject compo-
nent or substrate. In that regard, the other element may be an
clement from the underlying component, or an element from
a neighboring metallic layer that 1s separately deposited onto
the component.

As an example, a user may utilize an 1onmic liquid that 1s a
melt of a salt to deposit the reactive material onto the com-
ponent. Unlike electrolytic processes that utilize aqueous
solutions to deposit or fabricate coatings, the disclosed coat-
ing method 20 utilizes a non-aqueous, 1onic liquid for depo-
sition of the reactive material. Thus, at least some metallic
clements that cannot be deposited using aqueous techniques
or chemical vapor deposition, may be deposited onto the
subject component using the 1onic fluid. The use of the 1onic
liquid also provides the ability to coat complex, non-planar
surfaces, such as airfoils, with the reactive material.

Using halmium metal as an example of the reactive mate-
rial, the 1ionic liquud may be used to deposit a layer of the
hatnium metal onto the surfaces of a subject component, such
as a metallic substrate (e.g., superalloy substrate). It 1s to be
understood that the examples herein based on hatnium may
be applied to the other reactive material and are not limited to
hatnium.

After deposition, the component may be subjected to the
heat treatment step 24 at a suitable temperature and time for
causing a reaction between the hainium metal and at least one
other element from the alloy of the metallic substrate. The
temperature may be 1000°-2000° F. (approximately 538°-
1093° C.), 1n a vacuum atmosphere, for a few hours. For
instance, the hainium may react with nickel or another ele-
ment from the substrate to form a protective coating on the
component.

In another example, after deposition of the hainium metal
and before the heat treatment step 24, a user deposits platinum
metal onto the hatnium metal. That 1s, there are two separate
and distinct layers of metals (a hatntum metal layer and a
platinum metal layer). The heat treatment step 24 causes a
reaction between the hatnium metal and the platinum metal,
and possibly other elements from the alloy of the substrate, to
form the protective coating.

In another similar example, a user deposits platinum metal
directly onto the surfaces of the substrate component prior to
the deposition of the hatnium metal. The user then deposits
the hafnium metal onto the platinum metal. The heat treat-
ment step 24 causes a reaction between the platinum metal
and the hainium metal, and possibly elements from the alloy
of the substrate, to form a protective coating.

In another example, a user deposits the hatnium metal
directly onto the substrate component and then platinum
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metal onto the hainium metal. The user then deposits addi-
tional hatnium metal onto the platinum metal prior to the heat
treatment step 24. The heat treatment step 24 causes areaction
between the two layers of hatnium metal and the platinum
metal, and possibly elements from the underlying alloy of the
substrate, to form the protective coating.

In any of the above examples, the component may addi-
tionally be aluminmized after the heat treatment step 24 to
interdiffuse aluminum metal into the protective coating and
cause a reaction therewith to further alter the protective coat-
ing as desired. Optionally, 1n any of the above examples, the
coating process may be controlled such that the amount of
hatnium or other reactive material 1n the final protective coat-
ing 1s 10-2000 parts per million.

Although a combination of features 1s shown 1n the 1llus-
trated examples, not all of them need to be combined to
realize the benefits of various embodiments of this disclosure.
In other words, a system designed according to an embodi-
ment of this disclosure will not necessarily include all of the
teatures shown 1n any one of the Figures or all of the portions
schematically shown in the Figures. Moreover, selected fea-
tures of one example embodiment may be combined with
selected features of other example embodiments.

The preceding description 1s exemplary rather than limait-
ing in nature. Varnations and modifications to the disclosed
examples may become apparent to those skilled 1n the art that
do not necessarily depart from the essence of this disclosure.
The scope of legal protection given to this disclosure can only
be determined by studying the following claims.

What 1s claimed 1s:
1. A coating method comprising:

depositing substantially pure hainium metal, that 1s free of
other elements that are present i more than trace

amounts as inadvertent impurities, onto a metallic sub-
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strate to form a substantially pure hafnium metal layer
on the metallic substrate; and
heat treating the metallic substrate to react the hatnium
metal with at least one other element to form a protective
coating on the metallic substrate.
2. The coating method as recited 1n claim 1, wherein the
protective coating includes 10-2000 parts per million of the
hatnium metal.

3. The coating method as recited 1 claim 1, including
depositing platinum metal on the metallic substrate for reac-
tion with the hatnium metal to form the protective coating.

4. The coating method as recited 1n claim 1, further com-
prising depositing platinum metal on the metallic substrate
and then depositing the hainium metal on the platinum metal.

5. The coating method as recited 1n claim 1, further com-
prising aluminizing the metallic substrate after the heat treat-
ng.

6. The coating method as recited 1n claim 1, wherein the
metallic substrate comprises a non-planar surface on which
the protective coating 1s disposed.

7. The coating method as recited 1n claim 1, wherein the
hatnium metal 1s present 1n the protective coating 1n an
amount of 10-750 parts per million.

8. The coating method as recited 1n claim 1, wherein the
hatnium metal 1s present 1n the protective coating 1 an
amount of 10-300 parts per million.

9. The coating method as recited 1n claim 1, wherein the
metallic substrate 1s a superalloy gas turbine engine compo-
nent, and the hafnium metal 1s deposited directly on to a
surface of the superalloy gas turbine engine component.

10. The coating method as recited in claim 9, wherein the at
least one other element 1s from the metallic substrate.

11. The coating method as recited 1n claim 9, wherein the at
least one other element 1s nickel from the metallic substrate.
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